Abstract
Results
Compared with patients who received donepezil alone, those who received donepezil in combination with memantine exhibited limited improvements in cognitive functions (g = 0.378, p < .001), BPSD (g = −0.878, p < .001) and global functions (g = −0.585, p = .004). Gradual titration of memantine plus a fixed dose and gradual titration of donepezil as well as a fixed dose and gradual titration of memantine resulted in limited improvements in cognitive functions(g = 0.371, p = .005), BPSD(g = −0.913, p = .001), and global functions(g = −0.371, p = .001). PLOS 
Introduction
Alzheimer disease (AD) is the most prevalent type of dementia, accounting for more than 80% of cases of dementia in middle-and senior-aged patients. [1] Current treatment strategies primarily focus on medications and are aimed at alleviating symptoms. Cholinesterase inhibitors (ChEIs) and N-methyl D-aspartate (NMDA) receptor antagonists are the two most prevalent types of medicine approved by the U.S. Food and Drug Administration. When the metabolizing enzyme is suppressed, the activity of acetylcholine (Ach) is increased; in turn, cognitive functions improve. [2] In addition, NMDA receptor antagonists regulate glutamatergic neurons activities which facilitate synaptic plasticity, neuronal growth and differentiation, thereby enhancing cognition, learning, and memory. [1, 3] Numerous studies have investigated the treatment effects of the aforementioned medicines on cognitive functions and BPSD in patients with AD.
Patients with moderate to severe AD exhibit relatively severe cognitive and psychological symptoms. ChEIs and NMDA remain the main treatments. Donepezil is the most common ChEI used for AD treatment. Memantine is the most prevalent choice of NMDA. The combination of memantine and donepezil can improve AD symptoms through their different mechanisms. [4] [5] [6] Despite the wealth of information on the ChEIs and memantine for treating AD, the magnitude of the effects of administering of donepezil and a combination of memantine and donepezil on patients' cognitive functions, BPSD, and global functions remains unclear. Therefore, this is the first meta-analysis to compare the effects of administering donepezil alone versus combination of memantine and donepezil for treating patients with moderate to severe AD. We aimed to carry out a scientific and precise meta-analysis with extensive searches from multiple databases to examine: 1) the effect size; 2) moderator analysis; 3) subgroup analysis; and 4) the quality and publication bias on the effect of outcome variables.
Methods

Study selection
The databases we searched for this study are from PubMed, PsycINFO, Embase, Ovid Medline, and Cochrane (S1 Table) . Our literature search was extended to Google Scholar, since Google Scholar searches literature with a combined ranking algorithm on citation count and keyword relevancy. The selection of articles for this study was limited to peer-reviewed articles. Manual searches were extended to the bibliographies of review articles and included research studies. In order to expand the scope of the search, all summaries, keywords, and full texts were included, and no language restriction was set. We followed the PRISMA statement for reporting systematic reviews and meta-analyses (S2 Table) . The final search time was May 2017, with no language restrictions. administering donepezil (patients who received this treatment are hereafter referred to as the control group) with the combination of memantine and donepezil (those who received this treatment are hereafter referred to as the combination treatment group) on AD treatment, in which the treatment dose of donepezil was 5-10 mg/d. The exclusion criteria of this study were as follows: (1) unrelated to topic, (2) non-relveant population, (3) cell or animals experiment, (4) systematic review or meta-analysis, (5) quantitative research, (6) studies from comment, conference, or letter, (7) non-randomized controlled trial studies, (8) criteria that do not met the inclusion criteria, (9) experiment group combined with other treatment, (10) studies without full-text, (11) duplicate studies on the same sample group form the same author, (12) several outcomes pooled together, and (13) limited data.
Outcome measures
The results of the effect analysis were divided into main results, secondary results, and subgroups. The main results compared the treatment effects of the control medicine and combination treatment on cognitive functions and BPSD as assessed at the final evaluation point in patients with moderate to severe AD. The secondary results global functions as assessed at the final evaluation point. This study evaluated the incidence of side effects and adverse drug reactions experienced by the two patient groups that occurred in their blood and lymphatic systems, cardiovascular system, central and peripheral nervous systems, digestive system, genitourinary system, mental system, metabolism and nutrition system, musculoskeletal system, nervous system, and respiratory system. In this study, subgroup analyses were performed on intervention characteristics (the combination of donepezil alone vs. memantine and donepezil at 24 weeks) and treatment effects of memantine dose (gradual titration vs. a fixed dose of memantine) on in patients' cognitive functions, BPSD, and global functions.
Data extraction
Two investigators (CR, YHL) assessed the relevancy of the search independently. A third investigator (CKR) made the definitive decision for study eligibility and data extraction when discrepancies were found in the inclusion of studies or data extraction.
Study quality
The selected data and results of all included studies, including the research design, patient demographic data, inclusion and exclusion criteria, dose and duration of medicine application, and the results and side effects of treatment, were analyzed. The Cochrane risk-of-bias tool [7] was applied to assess the quality of each study, and the Jadad quality score [8] was employed as a supplementary assessment tool.
Additional analyses
In this study, Comprehensive Meta-Analysis Version 2 was used to perform an integrated data analysis. Hedges' g was used to determine the effect size, and Cohen's d was used to obtain the overall effect size, with d = 0.1, very small; 0.2, small; 0.5, medium; 0.8, large; 1.2, very large; and d = 2.0, huge. A random effects model was applied [9] . A sensitivity analysis test, namely the I 2 statistic Q test, was used as the heterogeneity test. Higgins and Thompson [10] proposed the following cutoff values for I 2 for classifying heterogeneity: I 2 = 25, low heterogeneity; I 2 = 50, moderate heterogeneity; and I 2 = 75, high heterogeneity.
Results
Literature search
A total of 2,374 articles were retrieved, of which 652 repeated articles were eliminated. Fulltext analysis was then performed, which identified 28 studies that corresponded to the research topic. Of these 28 articles, ten were published repeatedly, six had several outcomes pooled together, and one had limited data. Finally, 11 studies that corresponded to the research topic (2004−2015) were included in the meta-analysis (Fig 1) . (5) sample age ranging from 74.1 to 87.6. The intervention characteristics were as follows: (1) medication application duration spanned from 12 to 52 weeks, and the highest proportion of the studies (five studies) administered medication for 24 weeks [11, 12, 15, 18, 19] , and two studies administered medication for 52 weeks [13, 16] , and (2) by medication dose, the highest proportion of studies (six studies) administered donepezil incrementally from 5 to 10 mg. In addition, the patient characteristics were as follows: (1) the number of male and female patients was equal; (2) the average patient age ranged from 73.1 to 87.3 years; and (3) the MMSE was the most commonly applied instrument for AD diagnosis.
Study characteristics
Quality assessment
According to the assessment results of the Cochrane risk-of-bias tool, four articles exhibited a low risk of bias in all seven items of assessment, [11] [12] [13] 18] and none of the included articles reached a high risk of bias in all seven items of assessment. By the domain of bias, 73% of the included articles exhibited low risks of bias for random sequence generation, and 30% exhibited a high risk. Moreover, an equal number of articles exhibited low and high risks of bias for the blinding of patients and personnel; 37% and 63% of the articles exhibited low and high risks of bias for the blinding of outcome assessors, respectively. Furthermore, 90% and 10% of the articles exhibited low and high risks of bias for incomplete outcome data, respectively. All articles exhibited low risk of bias for selective outcome reporting and other biases. According to Jadad quality scores, two articles attained 5 points or more for research quality. [13, 18] 
Primary outcomes
The main results analyzed patient performance in cognitive functions and BPSD at the final evaluation point. Cognitive functions. Regarding the overall cognitive functions observed in the nine articles, the effect size as evaluated using Hedges' g was 0.378 (95% CI: 0.193-0.562, p < .001, and I 2 = 57.145), indicating a moderate effect size and significant difference (Fig 2) . Consequently, the combination treatment group were more satisfactory than those of patients in the control group. A sensitivity analysis was performed to examine the origin of heterogeneity. The outcome demonstrated that when the article by Shao [17] was removed, Hedges' g was 0.331 (95% CI: 0.153-0.509 and p = .001), and I 2 decreased from 56.650 to 43.494, indicating that the origin of heterogeneity may be related to the study by Shao. Moreover, after the results obtained by Shao were removed, a significant difference was still observed between the control group and combination treatment group. Analysis of publication bias showed a symmetrical funnel plot. Egger's regression test also revealed no publication bias (p = .375). BPSD. Eight articles were included in the analysis to determine the treatment effect on BPSD. The effect size of BPSD as expressed through Hedges' g was -0.878 (95% CI: −1.256 to −0.500, p < .001, and I 2 = 82.116), achieving a significant difference (Fig 3) . Furthermore, patients with moderate to severe AD in the combination treatment group exhibited greater improvements in BPSD than did those in the control group. A sensitivity analysis was subsequently performed to examine the origin of heterogeneity. When the study by Zheng [21] was removed, Hedges' g was −1.186 (95% CI: −2.127 to −0.245, p = .014), and I 2 decreased from 81.742 to 77.743, indicating that the origin of heterogeneity may be related to the study by Zheng. Moreover, a significant difference was still observed between the control group and combination treatment group after the study by Zheng was removed. Analysis of publication bias showed an asymmetrical funnel plot. Egger's regression test also revealed publication bias (p = .005).
Secondary outcomes
Global functions. Five articles were included in the current analysis for overall functional evaluations. The effect size as expressed through Hedges' g was −0.585 (95% CI: −0.981 to 
Subgroup analysis
In the 24th week, a comparison of the combination treatment group and control group showed significant differences in cognitive functions, BPSD, and global functional evaluation (Table 2 ). In the combination treatment group, the gradual titration and fixed dose of memantine led to significant improvements in cognitive functions, BPSD, and global functions. Adverse events. Adverse drug reactions observed in the two groups were compared using 14 items, namely the adverse reactions in 12 systems, other adverse reactions, and death. The highest frequency of adverse drug reactions occurred in the digestive system, comprising a total of 23 events and exhibiting an RR of 0.889 (95% CI: 0.621-1.274, p = .522, and I 2 = 3.216). The second highest number of adverse drug reactions occurred in the mental system, comprising to a total of 10 events and exhibiting an RR of 1.501 (95% CI: 0.932-2.417, p = .095, and I 2 = 15.143). The most severe adverse drug reaction was death; a total of two deaths were observed, exhibiting an RR of 0.521 (95% CI: 0.227-1.195, p = .550, and I 2 = 0.001) ( Table 3) . No significant statistical difference was observed for the 14 items of adverse drug reactions (RR = 1.079, 95% CI: 0.925-1.259, p = .330, and I 2 = 0.001) between the combination treatment group and control group, indicating that the medicines administered to these two groups resulted in no significant difference in safety or adverse drug reactions.
Meta-regression analysis
We performed a meta-regression analysis to identify the potential moderating variables. The results revealed no significant difference in the medication application duration (p = .068-.785). 
Discussion
The most crucial finding of the present study was that at the endpoint or in the 24th week of treatment for moderate to severe AD, the combination treatment group exhibited greater improvement in cognitive functions, BPSD, and global functions than did the control group. No significant difference was observed in adverse drug reactions, safety between the two groups. Memantine and donezepil exhibit different mechanisms of action for AD. Other systematic studies have also indicated that when the course of the disease progresses to moderate or severe levels, combination treatments are more effective than single treatment for delaying the degradation of cognitive functions. [4, 5, 13, [22] [23] [24] [25] [26] This finding is consistent with that of the present meta-analysis.
Regarding the effect of treatments on cognitive functions, the finding of the present study was significant but exhibited moderate heterogeneity. A sensitivity analysis was conducted at the final evaluation point. Compared with other studies, Shao [17] included a different medication dosage (memantine, 20 mg/1-16 wk; donepezil, 5 mg/1-16 wk) and different disease severity. The present study also identified that in Week 24, the effect size differed significantly between the combination treatment group and control group, indicating that in Week 24, the combination treatment group exhibited greater improvement in cognitive functions than did the control group. Nevertheless, a moderate level of heterogeneity remained.
Theoretically, donepezil can mitigate BPSD. Research has identified donepezil as a secondline treatment for behavioral and psychological symptoms such as apathy, depression, and aberrant motor behavior. [27, 28] However, several meta-analyses have revealed that donepezil exerts limited effects for improving BPSD. [22, 29] A part of the brain cortex and the neurons in the hippocampus that synthesize the excitatory amino acid glutamic acid (glutamate) are related to human memory function. Memantine is a glutamatergic NMDA receptor antagonist that protects neural cells from overstimulation by glutamate, thereby lowering the excitotoxicity of glutamate. In addition to suppressing cognition impairment, memantine can be used as a second-line treatment to prevent aimless wondering, stereotypic behaviors, irritability, and aggressiveness. [18, 30, 31] Previous meta-analyses have revealed that the treatment effect of memantine on BPSD is not significant [32] . Recent studies have used the combination of memantine and donepezil to treat the BPSD of patients with AD, because the two medicines focus on different types of BPSD, and the pharmacological mechanisms and the targets of these two medicines differ. [11, 23, 31] Several studies have demonstrated that compared with single-medicine treatments, the combination treatment is more effective for improving and mitigating BPSD. [4, 5, [24] [25] [26] The results of the present meta-analysis indicate that the use of the studied medicine combination resulted in a larger effect size than the use of a ChEI alone in BPSD treatment. Consequently, the optimal treatment effect on BPSD can be achieved through the combination of the two studied medicines. Global assessment is a means of measuring the clinical relevance of any improvement in cognitive functions. The combination treatment also improved global functions, and the effect of the combination treatment was more satisfactory than that of donepezil alone. [3, 4, 25, 26] The present meta-analysis also identified a large effect size and high heterogeneity at both the final evaluation point and in Week 24, confirming that the combination treatment exerted a more satisfactory effect than donepezil alone.
Common adverse drug reactions occur when donepezil is administered to treat AD, including those in the digestive system (e.g., nausea, vomiting, and diarrhea), psychological system (e.g., irritability and anxiety), and bradycardia. [3, 4, 22] When memantine was administered to treat AD, the adverse drug reactions mostly occurred in the digestive system (e.g., nausea, diarrhea, and constipation), followed by the psychological system (i.e., confusion and excitement). [33, 34] When the combination of memantine and donepezil was used to treat AD, no difference was observed in the incidence of adverse reactions between the combination treatment group and control group, demonstrating that the combination treatment does not exhibit a higher rate of adverse drug reactions than donepezil alone.
Conclusions
The results showed that for treating patients with moderate to severe AD, the combination therapy limited superiority more than donepezil alone for improving cognitive functions, BPSD, and global functions. By contrast, no significant difference was observed in drug safety between the two groups. The strength of this study is that the data analysis was based on the sources from multiple languages rather than English-only sources, and the methodology was effectively designed. The limitation of this study was the heterogeneity across studies, and the sample size varied among the investigated studies. The conclusions were still limited because of the small sample size. Future studies should consider performing large-scale randomized controlled trials or prospective cohort studies in which intervention measures and assessment instruments are combined to control individual variability and latent disturbing factors; this would confirm whether the combination of memantine and donepezil is more effective than donepezil alone for treating patients with moderate to severe AD. 
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